The Influence of the Indigenous Bacterial Flora upon the Interferon Response of Mice (Accepted 11 June I97o) The reticuloendothelial system has been implicated as a major site of interferon production (Kono & I-Io, I965; De Somer & Billiau, i966; Fruitstone et al. 1966 ). Due to a general, lack of stimulation, the reticuloendothelial system of germ-free animals is relatively underdeveloped (Thorbecke et al. I957; Thorbecke, i959) and we thought it of interest to investigate the capacity of such animals for interferon production.
Germ-free or conventional CFW mice of the LOBUND strain, 8 to IO weeks old were challenged intravenously with o.2 ml. of an optimal interferon inducing dose of Newcastle disease virus (8 x Io* p.f.u.). At 2 hr intervals sera from three or four animals were pooled. The interferon titres of these sera were determined as described by Wagner (I960, using plaque reduction of vesicular stomatitis virus on Earle's L cells. The response of the conventional animals reached a peak of about 6ooo interferon units/ml. 6 hr after challenge (Fig. I) . In contrast, the germ-free curve reached a peak of I2,ooo units/ml. I2 hr later. when the conventional curve had declined sharply. These findings support and extend previous observations (Considine & Starr, I967) .
To determine the effect of individual bacterial species on the interferon response, we used germ-free animals that had been exposed to a single species of bacteria. All such 'monoassociated' animals were healthy and of the same weight as the corresponding germ-free animals. Salmonella typhimurium or Proteus mirabilis were used as representatives of gramnegative organisms. Streptococcus faecalis was used as a gram-positive organism. When challenged with Newcastle disease virus both groups of mice associated with gram-negative bacteria gave results resembling those of conventional animals. However, the response of the animals associated with the gram-positive organisms was very similar to that of germfree animals (Fig. 2) .
There was no significant difference in the interferon response between germ-free and conventional animals challenged intravenously with 250/zg. endotoxin (in o.2 ml.) from Escherichia coli oII3 (Fig. 3 ). Sera were collected at hourly intervals. In addition to the early peak after challenge reported by others (Ho, 1964; Stinebring & Youngner, I964) , a greater second peak at 5 hr was consistently present in the sera of both germ-free and conventional mice.
Our data do not permit use to reach any definite conclusions about the mechanism of the apparent increased responsiveness of germ-free animals to the induction of interferon by virus. Two major possibilities should be considered: there is either a true increased interferon production or a decreased catabolism of interferon. The hyporeactivity of interferon induction reported to occur after stimulation with either viruses or endotoxins may be relevant to the first possibility (Youngner & Stinebring, I965; Ho, Kono & Breinig, ~965) . The constant exposure of conventional animals to endotoxin from their endogenous microflora could conceivably, by a similar mechanism, result in a relative hyporeactivity. The reported increased half-life of antibody in germ-free chickens may be relevant to the possibility of reduced interferon catabolism in germ-free animals (Wostmann & Olson, I969) . A similarly increased half-life of interferon could explain the apparent higher responsiveness of germ-free animals to induction of interferon by virus. The underdeveloped state of the reticuloendothelial system of germ-free animals may be related to this reduced immunoglobulin turnover as well as to reduced elimination of interferon.
The mechanism for interferon induction by endotoxin is thought to be a release of interferon from a preformed depot as opposed to de novo synthesis in response to induction by virus (Golgher & Paucker, I969) . The lack of any significant difference between germfree and conventional mice when endotoxin was used as inducer is likely to reflect the dissimilarities in the two induction mechanisms. Also the types of interferon produced in response to these different inducers are probably not the same (Hallum, Youngner & Stinebring, I965 The serum interferon response to stimulation with bacterial endotoxins has been reported to be greatest about 2 hr after challenge (Ho, ~964; Youngner & Stinebring, ~965) . In our experiments, an additional peak of interferon activity was noted 5 hr after challenge both in germ-free and conventional animals. A possible in vitro corollary of this biphasic interferon response to endotoxin has been reported by Kobayashi, Yasui & Masuzumi 0969). A characterization of the observed second peak of endotoxin-induced interferon and its relationship to the early 2 hr peak as well as to virus-induced interferon would be of interest. 
